




ADSORPTION OF CARBON DIOXIDE AND METHANE ON ALKALI METAL 

















A thesis submitted in fulfilment of the 
 requirements for the award of the degree of  






Faculty of Petroleum and Renewable Energy Engineering 


































To my dear parents, siblings and my late sister Amina Umaru Baba. Allah’s Rahma 










































All thanks and glory to Almighty Allah (SWT) for guiding me throughout the period 
of my studies. I wish to express my sincere gratitude and appreciation to my 
supervisor Assoc. Prof. Dr. Khairul Sozana Nor Kamarudin for her guidance, advice 
and encouragement throughout the stages of this research. Many thanks are due to 
Assoc. Prof. Dr. Fadzilah Adibah Abdul Majid, Professor Ahmed Fauzi Ismail and 
all the staff at the Advanced Membrane Technology Research Centre (AMTEC). 
Special thanks to my dear friend Dr. Yusuf Isa Makarfi from the Chemical 
Engineering Department, Cape Peninsula University of Technology Bellville 
Campus, South Africa 
 
 
I would like to thank all my colleagues, technicians, especially Norhidayu Bashir and 
all the Staff of the Gas Engineering Department. Great thanks to my friends 
Abubakar Muhammad Umar, Ahmed Razzak Ajeal, Noor Diana Muhammad Nur 
and Nabila Binti Zaini for their contribution in making my research successful. I 
shall forever remain indebted to my parents and my family the ‘‘Umbaba’s’’ for their 





























Aluminosilicate zeolites remain the most widely used microporous materials 
for important industrial gas separation applications. Aluminophosphate molecular 
sieves (AlPO-n) are the first microporous materials synthesized without silica. 
Substitution of silica in the AlPO-n framework result in the formation of 
silicoaluminophosphate (SAPO-n) molecular sieve. In this study, Na-SAPO-34 
zeolite was synthesized and ion exchanged with alkali metal cations (K+ and Li+) 
using a two-step ion exchange procedure, with each step lasting for 24 hours. The 
prepared materials were characterized using X-ray diffraction (XRD), field emission 
scanning electron microscopy (FESEM), inductive coupled plasma optical emission 
spectroscopy (ICP-OES), and Fourier transform infrared spectroscopy (FTIR). 
Thermal analysis was carried out using thermographymetric analyzer (TGA) and 
differential scanning calorimetry (DSC). The textural properties (surface area, pore 
size and pore volume) were calculated from N2 adsorption isotherm at 77 K. 
Equilibrium adsorption isotherms and adsorption capacity were measured 
volumetrically at 273, 298 and 323 K respectively for CO2 and at 298 K for CH4 at 
pressure of 101.3 KPa. The corresponding isosteric heats of adsorption of CO2 was 
calculated using the Clausius-Claperon equation. The Langmuir, Freundlich and Sips 
models were applied to correlate the adsorption isotherm data. The equilibrium 
performance of the prepared materials for CO2 separation from CO2/ CH4 mixtures 
operating at room temperature were calculated based on working capacity, 
regenerability and selectivity. The results showed that although all the prepared 
materials show changes in structural properties, the structure did not collapse after 
ion exchange. All the prepared materials showed high preference for CO2 over CH4. 
At 273 K, the 1st stage K+ ion exchange material had the highest CO2 adsorption 
capacity (2.90 mmol/g), whereas at 323 K, the 1st stage Li+ material had the highest 
capacity (1.90 mmol/g). However, at 298 K, the adsorption capacity did not improve. 
The 1st stage K+ material had highest adsorption capacity for CH4 (0.54 mmol/g) at 
298 K. Sips model provides the best fit with experimental data. The 1st stage K+ ion 
exchange material had the highest heat of adsorption reflecting stronger interaction 
between the extra framework cation and CO2. Based on the adsorbent performance 
evaluation, all the prepared materials showed potential for CO2 removal from CO2/ 
CH4 mixtures at room temperature with the exception of the 2
nd stage K+ ion 
exchange material. The lithium ion exchange series had higher working capacity and 
regenerability than the potassium ion exchanged series at 298 K. This study showed 
that adsorption capacity of CO2 and CH4 depends not only on temperature but also 
on the properties of the exchangeable cation such as size, charge, location, and 
















Zeolit aluminosilikat kekal menjadi bahan berliang mikro yang paling banyak 
digunakan untuk aplikasi penting dalam pemisahan gas perindustrian. Molekul 
saringan aluminofosfat (AlPO-n) adalah bahan berliang mikro pertama yang 
disintesis tanpa silika. Penggantian silika di dalam rangka AlPO-n bagi menghasilkan 
molekul saringan silikoaluminofosfat (SAPO-n). Dalam kajian ini, Na-SAPO-34 
zeolit telah disintesis dan ion ditukar dengan kation logam alkali (K+ dan Li+) 
menggunakan prosedur penukaran ion dua-langkah, dengan setiap langkah selama 24 
jam. Bahan yang disediakan telah dicirikan menggunakan pembelauan sinar-X 
(XRD), mikroskopi imbasan elektron pancaran medan (FESEM), spektrometer 
pancaran optik plasma berganding aruh (ICP-OES), dan spektroskopi Fourier 
inframerah transformasi (FTIR). Analisis terma dijalankan menggunakan 
penganalisis termogravimetri (TGA) dan kalorimeter imbasan perbezaan (DSC). 
Ciri-ciri tekstur (luas permukaan, saiz liang dan isipadu liang) telah daripada 
penyerapan isoterma N2 pada 77 K. Keseimbangan penyerapan isoterma dan kapasiti 
penyerapan diukur secara volumetrik pada 273, 298 dan 323 K bagi CO2 dan 298 K 
bagi CH4, pada tekanan 101.3 kPa. Haba isosterik bagi penyerapan CO2 yang 
sepadan telah dikira menggunakan persamaan Clausius-Clapeyron. Model Langmuir, 
Freundlich dan Sips untuk mengaitkan data penyerapan isoterma. Prestasi 
keseimbangan bagi bahan yang disediakan untuk pemisahan CO2 dari campuran 
CO2/CH4 pada suhu bilik telah dikira berdasarkan kepada kapasiti kerja, 
kebolehjanaan semula, dan kepemilihan. Keputusan telah menunjukkan walaupun 
berlaku perubahan pada sifat-sifat struktur namun struktur bahan yang disediakan 
tidak runtuh selepas penukaran ion. Semua bahan yang disediakan telah 
menunjukkan kecenderungan yang tinggi terhadap CO2 berbanding CH4. Pada 273 
K, bahan ion tukaran K+ tahap pertama mempunyai kapasiti menyerapan CO2 yang 
tertinggi (2.90 mmol/g), manakala pada 323 K, bahan ion tukaran Li+ tahap pertama 
mempunyai kapasiti tertinggi (1.90 mmol/g). Walau bagaimanapun, pada 298 K, 
kapasiti penyerapan tidak meningkat. Bahan ion tukaran K+ tahap pertama 
mempunyai kapasiti penyerapan CH4 tertinggi (0.54 mmol/g) pada 298 K. Model 
Sips memberikan padanan terbaik dengan data eksperimen. Bahan ion tukaran K+ 
tahap pertama mempunyai haba penyerapan tertinggi yang menggambarkan interaksi 
yang lebih kuat antara kation rangka tambahan dan CO2. Berdasarkan penilaian 
prestasi bahan penyerap, semua bahan yang disediakan menunjukkan potensi bagi 
penyingkiran CO2 dari campuran CO2/CH4 pada suhu bilik dengan pengecualian bagi 
bahan tukaran ion K+ tahap kedua. Siri penukaran ion Li+ mempunyai kapasiti kerja 
dan kebolehjanaan semula yang lebih tinggi berbanding siri penukaran ion kalium 
pada suhu 298 K. Kajian ini telah menunjukkan kapasiti penyerapan CO2 dan CH4 
bukan hanya bergantung sunu tetapi kepada ciri-ciri kation tukaran seperti saiz, cas, 
lokasi, dan taburan di dalam saluran dan rongga bahan yang disediakan. 
 
